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Abstract 
The large amounts of industrial waste waters, contaminated by hazardous and 
toxic compounds together with ever tightening legislation, have challenged 
traditional wastewater treatment methods. Therefore, the development of 
discharge limits under, cost-effective and ecological waste water treatment has 
become an essential concern. Catalytic water phase technologies are interesting 
alternatives for traditional wastewater treatment. Among them catalytic wet air 
oxidation (CWAO) has been used successfully in the management of various 
industrial effluents. However, the development of an active and stable catalyst for 
the severe reaction conditions of CWAO has proved truly challenging. 
The aim of this thesis was to briefly study the wet air oxidation reaction of 
ammonia in the presence of suitable catalysts. In the first part of this study, 
screening studies of catalysts was performed by executing preliminary 
experiments for high catalytic performance of CWAO and metal-support effects 
was investigated by using three different kinds of noble metals (Pd, Ru, Pt) with 
different metal oxide and carbon material supports. The results of these 
preliminary experiments revealed that the catalytic performance of noble metal Ru 
was better as compared with Pd and TiO2 was appeared to be a thermally stable 
support among all other supports for this reaction, and thereby Ru/TiO2 catalyst 
emerged to be the most stable catalyst in this work. Moreover, three different 
transition metals Cu, Ni and Co was added with Ru to prepare bimetallic catalysts 
aiming to decrease the precious metal loading and to improve the catalytic activity 
and stability of wet air oxidation of ammonia over Ru/TiO2 catalyst. Ru-Co/TiO2 
was found to be the most stable catalyst but selectivity to molecular nitrogen (N2) 
was still unsatisfactory.  
In the second part of this work, the effect of weak acid anions on the ammonia 
removal has been extensively studied for the process of selective catalytic wet air 
oxidation (CWAO) of ammonia to nitrogen. It was found that the introducing 
weak acid anions in the feed solution can effectively enhance the ammonia 
conversion and selectivity towards molecular nitrogen. The combination between 
the weak acid anions and H
+ 
to produce corresponding weak acid molecules was 
responsible for such enhancement. Firstly, the H
+ 
consumption of weak acid 
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anions increased the NH3 concentration and thus the reactivity of ammonia 
oxidation was increased due to the shift of NH4
+
 equlibrium reaction (NH4
+⇌ 
NH3+ H
+
) to right to produce NH3. Secondly, the combination of H
+ 
with the weak 
acid anions leads to HNO2 ⇌ NO2- + H+ and this equilibrium shifted to right so 
HNO2
−
 can increase the concentration of NO2
− 
and thus boosts the 
disproportionation reaction between NH4
+
 and NO2
− 
(NH4
+
+NO2
- ⇌N2+2H2O) to 
produce molecular nitrogen,  thus improving the selectivity of oxidation reaction 
to molecular nitrogen . 
In the third and final part of this investigation, the activity and selectivity of 
Ru/TiO2 and Ru-Co/TiO2 catalysts were intensively investigated. It was found that 
the activity and selectivity for both catalysts were greatly enhanced by introducing 
weak acid ions in the feed solution. Compared with monometallic catalysts, 
Ru/TiO2 and Co/TiO2, bimetallic Ru-Co/TiO2 catalyst showed better activity and 
selectivity to N2 in NH4Cl solution. In contrast, for weak acid (CH3COONH4) 
solution, the activity to produce molecular nitrogen was more for monometallic 
Ru/TiO2 catalyst in comparison with bimetallic Ru-Co/TiO2 catalyst. The results 
from inductively coupled plasma mass spectroscopy (ICP-MS) also exposed that 
the co-existence of Ru and Co can effectively prevent metals from leaching which 
greatly confirmed the stability of bimetallic catalyst. These catalysts was 
characterized by X-ray powder diffraction (XRD), transmission electron 
microscopy (TEM), X-ray photoelectron spectroscopy (XPS) and hydrogen 
temperature-programmed reduction (H2-TPR) and the outcomes of these 
characterizations proved the strong interaction between Ru and Co over Ru-
Co/TiO2 catalyst. This strong interaction between Ru and Co adjusted the oxygen 
activity and concentration of oxygen species on the surface of the catalysts which 
influenced the catalytic wet air oxidation of ammonia to nitrogen in two different 
environments.  
Key Words: Catalytic wet air oxidation; Ammonia in waste water; Weak acid 
anion effect; Bimetallic Ru-Co/TiO2 catalyst  
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摘 要 
有毒有害工业氨氮废水对环境的影响日趋严重，环保法规日益严苛，急
需发展低成本的无害化污水处理技术。催化湿式氧化（CWAO）技术是一种
可高效、无害化处理各类工业废水的技术。研制高效、稳定的催化剂是发展
催化湿式氧化技术的关键问题。本文以研制适宜的催化湿式氧化处理氨氮的
催化剂为目的，同时探究反应条件特别是弱酸离子对反应的影响，主要得到
以下结果： 
第一，对金属活性组分（Pd、Ru、Pt）和载体（金属氧化物和碳材料）
的筛选结果表明，Ru/TiO2 催化剂在所有的载体中稳定性最好。在 Ru/TiO2
催化剂上添加 Cu、Ni 和 Co 等第二金属组分制备双金属催化剂，可提高催
化剂催化湿式氧化氨氮活性，其中 Ru-Co/TiO2 的稳定性最佳，但对 N2 的选
择性仍不理想。 
第二，弱酸离子对催化湿式氧化氨氮反应的影响探究结果表明，在溶液
中引入弱酸离子可显著提高氨氮的转化率和 N2 选择性。反应过程中弱酸离
子和 H+结合生成相应的酸，促使 NH4
+⇌NH3+H
+平衡向右移动，进而提高了
氨氮催化氧化反应活性。弱酸离子和 H+的结合也导致 HNO2⇌NO2
-
+H
+电离
平衡右移，促进 NH4
+
+NO2
-
=N2+2H2O 反应，从而提高了氨氮氧化反应对 N2
的选择性。 
第三，在溶液中引入弱酸离子，Ru/TiO2 和 Ru-Co/TiO2 催化剂的活性和
N2选择性都得到了极大的提升。在 NH4Cl 溶液中，与 Ru/TiO2和 Co/TiO2相
比，Ru-Co/TiO2 催化剂具有更好的活性和稳定性。但在 CH3COONH4 溶液
中，Ru/TiO2 催化氧化氨氮的活性优于 Ru-Co/TiO2 催化剂。ICP-MS 的检测
结果表明，Ru 和 Co 之间的相互作用可有效抑制金属流失，确保了催化剂的
稳定性。XRD、TEM、H2-TPR、XPS 等表征结果表明，Ru 和 Co 之间的相
互作用调整了催化剂表面氧活性和氧浓度，影响了催化剂在不同环境中催化
氧化氨氮的性能。 
关键词：催化湿式氧化法；氨氮废水；弱酸影响；Ru-Co/TiO2催化剂 
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Abbreviations and Symbols 
 
AC Activated carbon 
AOP Advanced oxidation processes 
BET  Brunauer-Emmet-Teller 
BOD Biochemical oxygen demand [mg O2 L
-1
] 
cm  Centimeter 
CNT Carbon nanotubes 
COD Chemical oxygen demand 
CWAO Catalytic wet air oxidation  
CWPO Catalytic wet peroxide oxidation 
EPA Environmental protection agency 
Fig  Figure 
FTIR Fourier transform infrared spectroscopy 
g  gram 
ICP-OES  Inductively coupled plasma optical emission spectroscopy 
m2  Square meter 
mL  Milliliter 
nm  Nanometer 
K  Kelvin 
PDF Powder diffraction file 
SCWO Super critical wet oxidation 
TEM  Transmission electron microscope 
TGA  Thermo gravimetric Analysis 
TOC Total organic carbon [mg C L
-1
] 
TPD Temperature programmed desorption 
TPR Temperature programmed reduction 
UV-Vis  Ultraviolet-Visible 
WAO  Wet air oxidation 
WPO Wet peroxide oxidation 
XPS X-ray photoelectron spectroscopy 
XRD  X-ray diffraction 
T  Temperature 
P  Pressure 
ρ  Density 
V  Volume 
MPa  Mega Pascal 
oC  Degree Celsius 
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Chapter 1 Introduction and Literature Review 
1.1 Introduction 
Pollution is a human problem because it is a relatively recent development in the 
planet's history. Before the 19th century Industrial Revolution, people lived more in 
harmony with their immediate environment. With the increment in global 
industrialization, the pollution problems also increased day by day. When population 
of earth was much smaller, no one thought pollution would be a serious problem as it 
is today. Once it was readily believed that the oceans were far too huge to 
contaminate. Today, with approximately 8 billion people on the earth, it has become 
clear that there are limits. Pollution is one of the indications that humans have 
surpassed those limits. 
According to the organization of environmental campaign world wide fund (WWF): 
"Pollution from toxic chemicals threatens life on this planet. Every ocean and every 
continent, from the tropics to the once-pristine polar regions, is contaminated." 
 
1.2 Environmental Pollution 
Federal Environmental Protection Agency (FEPA), under section 38 of 1990 act, 
defined environment in a very lucid way. It is given as: 
“Environment includes water, air, land and all plants and human beings and/or 
animals living there in and the interrelationships which exist among these or any of 
them.” 
Thus, environment consists of water, air, land, and all the physical arrangements 
around us. 
 Any undesirable change in above mentioned environment or addition of something 
detrimental in the environment is referred as environmental pollution. Environmental 
protection agency of USA and federal law of clean water act properly defined 
pollution as follows: 
 Environmental protection agency (EPA) defined pollution as: “The presence of a 
substance in the environment that because of its chemical composition or quantity 
prevents the functioning of natural processes and produces undesirable environmental 
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